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316a Monday, February 9, 201521.5 kJ/mol for the liquid phase of POPC and DPPC lipids respectively for an
electric field of 0.3 V/nm, and reduces at higher fields. The activation energy in
the gel phase of POPC increases to 28.8 kJ/mol at the same field. The pore clos-
ing time after the field is switched off was found to be longer in the gel phase
than in the liquid phase. Remarkably, pores of radii ~0.7nm in the gel phase of
POPC did not close even after 50ns, whereas they close completely within 10ns
in the liquid phase.
[1]M Tarek, Biophysical. J., 88 (2005) 4045-4053.
[2]PT Vernier, MJ Ziegler, Y Sun, WV Chang, MA Gundersen and DP Tiele-
man, J. Am. Chem. Soc., 128 (2006) 6288-6289.
[3]WFD Bennett, N Sapay and DP Tieleman, Biophysical. J., 106 (2014) 210-
219.
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Major Histocompatibility complex (MHC) class I proteins bind peptides of
eight to ten amino acids to present them at the cell surface to cytotoxic T cells.
The class I binding groove binds the peptide via hydrogen bonds with the pep-
tide termini and via diverse interactions with the anchor residue side chains of
the peptide. To elucidate which of these interactions is most important for the
thermodynamic and kinetic stability of the peptide-bound state, we have com-
bined molecular dynamics simulations and experimental approaches in an
investigation of the conformational dynamics and binding parameters of class
I molecules with optimal and truncated natural peptide epitopes. We show that
the F pocket region dominates the conformational and thermodynamic proper-
ties of the binding groove, and that therefore the binding of the C terminus of
the peptide to the F pocket region plays a crucial role in bringing about the
peptide-bound state of MHC class I.
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A revised method to compute mean residence time (MRT) from molecular dy-
namics (MD) simulations is reported. One of the most frequent scenarios in the
modeling of biological related systems is to describe their interactions with the
solvent that in most of the cases is water. This is important, for instance, in
determining the three dimensional structure and function of proteins that will
greatly depend on the affinity of certain sections of these biomolecules with wa-
ter. The amount of interaction with water can be quantified by means of the so
called MRT, which for this specific case is the average time that a water mole-
cule stays within a certain distance (threshold) from a particular referential
point of the model molecule. Determining this threshold and for how long it
can be broken during a simulation and still counting as a single event is not
a straightforward task. To calculate MRT from MD data our methodology
uses hierarchical clustering analysis. We propose applying this methodology
as a step for the computational design of novel contrast agents for Magnetic
Resonance Imaging (MRI) taking into consideration that MRT of water inter-
acting with a given contrast agent directly affects the quality of the MRI im-
ages. In addition, it is shown that the presented method is applicable in a
wider range of scenarios in MD data analysis.
1583-Pos Board B534
His 95 Acts as a pH Gate in Aquaporin-4
Shreyas S. Kaptan, Bert L. de Groot.
Max Planck Institute for Biophysical Chemistry, Goettigen, Germany.
Aquaporins are trans-membrane channels that are responsible for the perme-
ation of water across the cell boundary. Responding to environmental stresses
such as osmolarity, voltage and pH is an important aspect of regulation of chan-
nel permeability. We demonstrate that aquaporin-4, a membrane water channel
modulates water transport via pH sensing. Aquaporin-4 is expressed mostly on
the cytoplasmic membrane of cells of the nervous system. It has been impli-
cated in the formation of edema during stress caused to the brain and thus
has medical relevance. In this work we combine a Molecular Dynamics based
computational approach with empirical methods to identify the molecularmechanism involved in the regulation of the channel via pH . Using a Partial
Least Squares (PLS) based machine learning algorithm, we perform Functional
Mode Analysis (FMA) to elucidate collective motions in the protein that are
responsible for opening and closing the channel pore. We find that the proton-
ation of conserved histidine residue H95 opens the channel and locally in-
creases the pore radius. We employ Essential Dynamics (ED) simulations to
ascertain that the collective mode identified by the computational method
can indeed switch the protein function on and off. This mechanism is then
tested experimentally by expressing the protein on Xenopus oocytes. By con-
trolling the pH on either side of the cell boundary the location of the pH sensor
is identified with respect to the cell membrane. Finally using mutational anal-
ysis it is established that H95 is the residue responsible for the pH sensing.
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Activity, regulation and inhibition of Bovine Carbonic Anhydrase II (BCAII),
like other enzymes, are associated with its conformational changes.Molecular
dynamics simulation was performed for Free BCAII and BCAII in complex
with Para-nitro phenyl acetate to investigate the effect of substrate binding
on BCAII structure and dynamics. Each Simulation was done for 100ns, in wa-
ter with GROMACS software package. DSSP and Essential Dynamics tech-
niques were used for analyzing secondary structures and concentrated
motions, respectively. Results of this study demonstrated that presence of
Para-nitro phenyl acetate in BCAII active site increased RMSD in the second-
ary structure backbone resulting in increasing number of amino acids in alpha
helix and beta sheet and as opposed to turns. Flexible regions are located in the
N-terminal while, surface of the protein and its central domain and the c-termi-
nal have low flexibility and high resistance against changes. Motions have been
induced in protein surface and secondary structures. Reduced motion in several
sites, including amino acids 52 to 58 and 173 to 175 was observed. Increased
motion in several sites, including beta sheets and alpha helices was induced.
Results are in good agreement with studies on BCAII knotted structure and
resistance against conformational changes.
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Macrolides are a class of commonly used antibiotics that target the bacterial
ribosome and prevent protein synthesis in the affected cells. Ribosomal resi-
dues A2058 and G2505 in the protein exit channel are considered to be partic-
ularly important for macrolide binding. Unfortunately, due to extensive use of
macrolides, bacterial resistance, caused by mutation or methylation of specific
rRNA residues in the ribosome, has become a growing concern. How these
changes in rRNA induce macrolide resistance on a molecular level is still un-
clear. Here, we investigated macrolide resistance using atomistic molecular dy-
namics simulations.
Presently, there are no force field parameters developed specifically for macro-
lides. Therefore, we have developed novel approaches for force field parame-
trization from first principles for large and bulky molecules, such as macrolides,
using the Force Field Tool Kit plugin in VMD. Parameters were developed and
validated for two commonly used macrolides: erythromycin and azithromycin.
These macrolides were studied in wild-type and in two mutated ribosomes of E.
coli: G2057A and A2058G. The simulation showed that both mutations caused
rearrangements of the binding site and decreased hydrogen bonding between
the macrolide and residue 2058. Surprisingly, the G2057A mutation prevented
hydrogen binding to residue 2058 to a larger extent than the A2058G mutation.
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Recently, Drug amphiphiles (DAs) have been shown to form discrete and stable
supramolecular nanostructures with high and quantitative drug loading1. A
drug amphiphile consists of a hydrogen-bonding peptide sequence attached
to a hydrophobic drug. Similar to peptide amphiphiles2, DAs also self-
assemble into discrete and well-defined supramolecular structures. Using
Monday, February 9, 2015 317amolecular dynamics simulations we investigate inter- and intra-molecular in-
teractions driving the self-assembly and formation of the morphology of supra-
molecular DAs. More specifically, we investigate the self-assembly of
camptothecin-based DAs, which have been shown to form cylindrical supramo-
lecular assemblies with a well-defined structure. For each DA, we examine the
self-assembly process from random using long-time all-atomistic molecular dy-
namics simulations (> 200 ns). We also examine the structure of pre-assembled
cylindrical supramolecular assembly, comparing the cylindrical radii with re-
ported experimental measurements. We also characterize the distribution of
hydrogen bonds, Cl- ions, as well as the secondary structure formation in the
peptide over time. Our findings can help add further insight into the rational
design of supramolecular assemblies.
1.Cheetham, A. G.; Zhang, P. C.; Lin, Y. A.; Lock, L. L.; Cui, H. G., Supramo-
lecular Nanostructures Formed by Anticancer Drug Assembly. Journal of the
American Chemical Society 2013, 135 (8), 2907-2910.
2.Cui, H. G.; Pashuck, E. T.; Velichko, Y. S.; Weigand, S. J.; Cheetham, A. G.;
Newcomb, C. J.; Stupp, S. I., Spontaneous and X-ray-Triggered Crystallization
at Long Range in Self-Assembling Filament Networks. Science 2010, 327
(5965), 555-559.
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Protease inhibition by serpins requires a massive conformational transition
from an active, metastable state to an inactive, stable state. Similar reactions
can also occur in the absence of proteases, and these latency transitions take
hours, making their time scales many orders of magnitude larger than are
currently accessible using conventional molecular dynamics simulations. Using
a path integral based variational framework termed the Dominant Reaction
pathways (DRP) method, we have successfully simulated the latency transition
for several serpins in all atom detail using a physics based force field. The DRP
method can clearly distinguish serpins which spontaneously perform the la-
tency transition from those that do not. Additionally, the DRP simulations suc-
cessfully reproduce the effects of mutations on the rate of the latency transition.
For the serpin plasminogen activator inhibitor 1 (PAI-1) we find a long lived
intermediate state along the active to latent pathway. This state shares several
features that characterize a so called pre-latent state that has been detected
experimentally, including partial insertion of the reactive center loop into
beta-sheet A and removal of strand one from sheet C, and we propose that
our intermediate represents the pre-latent state. Analysis of the energetics of
the transition identifies a small subset of residues that provide the bulk of the
energy change during the transition, and these residues include many known
sites of disease associated mutations. Docking a known PAI-1 inhibitor to
our pre-latent state identifies a pocket that it shares with the latent structure
and which may provide a target site for computational drug screening. Compar-
ison of the latency transitions in different serpins reveals how sequence varia-
tion has modulated conformational plasticity in this family of unusually labile
proteins. The DRP method should prove applicable to conformational changes
in other large proteins.
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The motion of a single particle dominated by Brownian motion can be
described by a single parameter D, the diffusion coefficient. The estimation
of D from a discrete sequence of noisy observations is a fundamental problem
in single-molecule experiments. Originally, D was estimated from a linear
regression of the mean squared displacement (MSD). The MSD regression is
plagued with issues involving, but not limited to, determining the optimal num-
ber of data points to regress from and the regression does not utilize all of the
localization information provided from typical trajectory information. The
drawbacks of the MSD analysis furthered investigations into different estima-
tors, such as the maximum likelihood. However, prior solutions to the
maximum likelihood estimation problem do not utilize the information from in-
dividual localization precisions which results in inaccurate likelihood distribu-
tions for short particle trajectories under realistic measurement errors. We
present direct solutions to this problem using three different derivation tech-
niques, including Markov’s method for estimating random flights. We also pro-vide an implementation in Cþþ that outperforms prior maximum likelihood
estimators in accuracy without compromising speed.
We thenmap the likelihood of D fromour estimator to an approximate analytical
posterior distribution using classic Bayesian analysis techniques. Our analytical
distribution can be parameterized by three coefficients which allows for a robust
calculation on the quality of a D estimate given an arbitrary set of data.
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The chemotactic response in bacteria relies on the formation of large, highly
ordered complexes of sensory proteins, known as chemosensory arrays, which
mediate the transduction and regulation of signals that ultimately control
cellular motility. Although, a coarse representation of the array’s extended or-
ganization has recently been sketched out, an outstanding problem concerns the
detailed description of the molecular events occurring within the array during
signaling. Progress in this area necessitates a high-resolution understanding of
the intact chemosensory array structure. Utilizing cryo-electron tomography
and 3D subvolume averaging, we have derived density maps of a resolution
sufficient for the construction and refinement of an atomic model of the chemo-
sensory array’s core structure. Large-scale, all-atom molecular dynamics (MD)
simulations of an atomic model of the array unit cell, 1.2 million atoms in size,
have revealed the molecular details of the interaction interfaces between the re-
ceptor, CheA, and CheW proteins, as well as a distinctive conformational
change in CheA kinase domain. Mutagenesis and chemical cross-linking
studies have further confirmed the important roles of specific residues at these
critical interaction interfaces.
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Cholesterol has been shown to play a critical role in the function of ion chan-
nels and many types of ion channels partition into cholesterol-rich mem-
branes. Several Eukaryotic pentameric ligand-gated ion channels, including
the nicotinic Acetylcholine Receptor and the GABA(A) receptor, are highly
sensitive to the cholesterol content of reconstitution mixtures or native mem-
branes, but the binding interactions between cholesterol and these receptors
are largely uncharacterized. Since the mechanisms for modulation by choles-
terol are likely to be at least partially through direct interactions via specific
binding, cholesterol molecules may form an essential component of the native
structure for some of these receptors. We recently proposed, based on the
crystal structure of the glutamate-gated chloride channel (GluCl) from C. el-
egans solved in complex with the lipophilic ligand ivermectin, that cholesterol
molecules could bind to these intersubunit sites in a pose analogous to that of
ivermectin in the absence of other modulators, and tested this model in the
homologous GABA(A) receptor using Molecular Dynamics (MD) simula-
tions. Here we employ computational free energy calculation methods to pro-
vide a quantitative estimate of the binding affinity of cholesterol for these sites
on GluCl and other pentameric ligand-gated ion channels, demonstrating that
these sites are likely to be partially occupied at physiological concentrations
of cholesterol.
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A significant fraction of protein-protein interactions especially in eukaryotic
cells involves intrinsically disordered proteins (IDP). Even intrinsically disor-
dered proteins may contain transiently stable structural motifs such as alpha-
helical conformations or other secondary structure motifs. The stability of these
motifs can play an important role for the interaction with other proteins of the
cell. Due to the limited sampling standard molecular dynamics (MD) simula-
tions may not be useful to characterize the relative population and free energy
of conformational states of IDPs. We have developed a new approach to esti-
mate the free energy change for small segments along a disordered protein to
adopt a given secondary structure (e.g. an alpha-helical conformation) relative
to an unfolded state. The approach is based on umbrella sampling (US)
